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Hydroids, members of the most ancient eumetazoan phylum, the Cnidaria, harbor multipotent, migratory stem cells lodged in interstitial
spaces of epithelial cells and are therefore referred to as interstitial cells or i-cells. According to traditional understanding, based on studies in
Hydra, these i-cells give rise to several cell types such as stinging cells, nerve cells, and germ cells, but not to ectodermal and endodermal
epithelial cells; these are considered to constitute separate cell lineages. We show here that, in Hydractinia, the developmental potential of
these migratory stem cells is wider than previously anticipated. We eliminated the i-cells from subcloned wild-type animals and subsequently
introduced i-cells from mutant clones and vice versa. The mutant donors and the wild-type recipients differed in their sex, growth pattern, and
morphology. With time, the recipient underwent a complete conversion into the phenotype and genotype of the donor. Thus, under these
experimental conditions the interstitial stem cells of Hydractinia exhibit totipotency.
D 2004 Elsevier Inc. All rights reserved.
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Regeneration of lost body parts and renewal of cellular
inventory are considered a symplesiomorphic character of
all metazoans (reviewed by Sanchez Alvarado, 2000). This
ability is mostly attributed to stem cells. Stem cells are cells
capable of self-renewal and multilineage differentiation
(Weissman, 2000). Stem cells may be unipotent (e.g.,
spermatogenic stem cell), oligolineage restricted (e.g.,
lymphocyte progenitors), multipotent (e.g., hematopoietic
stem cells), or totipotent (e.g., stem cells in early develop-
ment). By definition, totipotency encompasses the power to
differentiate to any cell type, somatic and germline as well.
Possessing totipotent stem cells throughout an animal’s life
span would enable unlimited regeneration and immortality.
Higher metazoans, however, possess totipotent cells only
during early development.0012-1606/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.ydbio.2004.08.006
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line of migratory stem cells called interstitial cells or i-
cells. In the freshwater, solitary polyp Hydra, where i-
cells have been best studied, these cells give rise to four
types of stinging cells, to sensory and ganglionic nerve
cells, to the mucous and gland cells of the endoderm, and
to gametes. Epithelial cells of the ectodermal and
endodermal layers constitute separate, self-renewing sys-
tems, and a subset of them located in the gastric region
is continuously in the mitotic cycle (Bode, 1996).
Transition between the i-cell lineage and the two
epithelial lineages does not occur in Hydra (Bosch and
David, 1987; David et al., 1991; Fujisawa, 1989;
Marcum and Campbell, 1978; Sugiyama, 1982; Sugiyama
and Fujisawa, 1979; Terada et al., 1988; Zeretzke and
Berking, 2002).
Colonies of Hydractinia echinata, a marine hydroid, are
composed of a network of gastrovascular canals, termed
stolons, from which polyps emerge. Hydractinia polyps
resemble Hydra polyps in morphology. Interstitial stem
cells in this animal, however, are found predominantly in
the stolonal compartment of the colony (Fig. 1). The275 (2004) 215–224
Fig. 1. Structure of the stolon plate and location of the interstitial stem cells in Hydractinia. The upper ectodermal epithelium (in light blue) is translucent and
allows detection of i-cells in whole mount preparations (see Fig. 2).
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meshwork of interstitial spaces surrounding the bases of
the epithelial cells. Using these interstices as roads, the
interstitial stem cells migrate along the stolons and
populate new parts of the growing colony. In the stolon
plate, which is composed of fused stolon ectoderms
enclosing endodermal canals, the interstitial stem cells are
found between the upper and lower ectodermal epithelium,
often aligned along the endodermal canals (e.g., Fig. 2).
These capillary-like canals do not prevent the propagation
of i-cells and their migratory derivatives (i.e., nematocytes).
The youngest tissues in the periphery of growing colonies
are devoid of i-cells.
We have studied the developmental potencies of the i-
cells in H. echinata. We depleted Hydractinia colonies of
their i-cells and repopulated them with allogeneic i-cells
from a histocompatible donor. Donors and recipients
differed in phenotypes (mutant vs. wild type), and
following repopulation from the donor, the phenotype of
the recipient was reverted to that of the donor, suggesting
that the migratory interstitial cells of Hydractinia are
totipotent.Fig. 2. Wild-type m1. (A) A general view. (B) A higher magnification showing
ectodermal epithelium of a whole mount preparation, stained with May–Grqnwald
high concentrations of ribosomes.Materials and methods
Animal cultures
Hydractinia colonies were cultured as described (Frank
et al., 2001; Fuchs et al., 2002; Mu¨ller, 2002) (http://
www.zoo.uni-heidelberg.de/frank/hydractinia). Subclones
of the strains used in this study were raised from explants.
Pieces of the stolon plate bearing several feeding polyps were
cut out and carefully removed from the substratum together
with the chitin-containing basement layer. These pieces
included a part of the central encrusted area of the stolon
plate (for better handling them) and the soft peripheral area
(for better growth). After transfer to their new location, the
pieces were held in place with glass splinters or glass pearls
until the regenerating tissue resumed growth and adhered to
the substratum with newly secreted adhesive basement layer.
Experimental strains
An indispensable prerequisite for the present study was
the availability of different strains, which clearly differ inthe stolon plate through the translucent chitinous periderm and the upper
and Giemsa. The i-cells are stained with basic blue dyes since they contain
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cognition and histocompatibility in Hydractinia are genet-
ically determined and have previously been described in
detail (Fuchs et al., 2002; Gild et al., 2003; Hauenschild,
1954, 1956; Mokady and Buss, 1996; Mu¨ller, 1964;
Shenk, 1991). Closely related clones exhibiting unre-
stricted compatibility were available from a preceding
inbreeding project (Mu¨ller, 2002). The following chimeras
were established (for the mutant full description, terminol-
ogy, and pedigree, see Mu¨ller, 2002): The strain m1 is a
wild type.
Strain 1  7-4f is a mutant strain, displaying an
autoimmune-like phenotype (Fig. 3A). In Hydractinia,
histoincompatible colonies reject and eliminate allogeneic
neighbors competing for the living space by attacking them
with stolons that are heavily armed at their tip with a
particular type of poisonous nematocytes. In the colonies of
the mutant 1  7-4f, the stolon tips attack not only foreign
tissue but also each other mutually, even without having any
contact to allogeneic neighbors.
Colonies of the mutant strain mh 7  7-21 become
multiheaded over time. After several weeks or months of
growth, the polyps begin to form ectopic tentacles, elongate,
eventually form complete ectopic hypostomes, and acquire a
branched appearance (Fig. 3B). Colonies of this mutant strain
reach sexual maturity only rarely, begin with forming
oocytes, pass through an intersexual phase, until eventually
the male sex dominates (for definition of intersexuality in
Hydractinia, see Hauenschild, 1954, 1956).
In preparatory studies designed to check the viability of
foreign stem cells in an allogeneic host, it turned out that
unrestricted histocompatibility is an indispensable prere-
quisite for foreign i-cells to survive and proliferate. Criterion
of survival and proliferation was the sex reversal, which is
normally observed when female colonies are inoculated
with i-cells of male clones (Mu¨ller, 1964, 1967). Unre-
stricted histocompatibility can be found among closely
related members of inbreeding strains. In our study, m1 was
the father of the mutant 1  7-4f, and the mother (f7) of thisFig. 3. Mutant clones used. (A) Autoaggressive clone femalemutant was a sibling of m1. The parents of mh 7  7-21
were both siblings of m1 as well. This close relationship
enabled production of chimeras that did not show any signs
of incompatibility.
Mitomycin treatment
Six-millimolar stock solutions of mitomycin C (Alexis)
were prepared with H2O or methanol. Aliquots were stored
at 208C. For treatment, 2.5 Al of this stock solution were
added per ml of seawater yielding a final concentration of
30 AM. Colonies grown on cover slips were incubated at RT
in the dark for 3 h or overnight. Repeated treatments were
performed when necessary to ensure complete depletion of
i-cells.
Introduction of donor i-cells
Explants of donor tissue were grafted at the edge or into
the central area of the i-cell-depleted recipient. Since all
experimental strains were histocompatible, their tissues
fused within a day to form a chimera. Donor i-cells
migrated over the fusion area and repopulated the host
within 5–10 days.
Fixation and detection of i-cells
For cytological examinations, colonies grown on cover
slips were fixed with 4% paraformaldehyde for 2 h and
postfixed with Lavdovsky’s fixative (formaldehyde 5 ml +
acetic acid 2 ml + EtOH 25 ml + H2O 20 ml) at 68C
overnight. Subsequently, they were washed several times
with 70% ethanol and finally with Sfrensen buffer pH 7,
supplemented with 1% Triton X-100. Interstitial stem cells
and their early differentiation products were stained at RT
with May–Grqnwald solution (3.5 h), followed by Giemsa
solution (3.5 h) (both solutions purchased from Merck).
Intermediate washings and the final destaining (over night)
were done with Sfrensen buffer pH 7.1  7-4; (B) intersexual multiheaded clone 7  7-21.
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BrdU labeling was used for two different purposes: (i)
For the detection of donor migratory cells in the host’s
tissue, colonies were incubated in 5 mM BrdU, dissolved in
90% seawater for 18 h. Immediately after labeling and
thorough rinsing, the donor colonies were placed adjacent to
host colonies, previously deprived of their i-cells. The
tyramide signal amplification technology (Haugland, 2002,
p. 152) was used to detect weakly labeled descendants and
derivatives of the immigrating cells. (ii) For detecting the
mitotic activity of already immigrated donor cells within the
environment of the host, conventional BrdU protocols
sufficed. The incubation solution was 5 mM BrdU in
seawater, incubation time was 2 h. Labeled nuclei were
visualized using an anti-BrdU antibody-BiotinXX conju-
gate, diluted 1:20, followed by the incubation in 10 Ag/ml
Streptavidin-Oregon Green 488 (Molecular Probes).
Apoptosis assays
Two protocols were performed, both based on the
TUNEL reaction: (i) the APO-BrdU assay (A-23210 kit,
Molecular Probes) and (ii) with chemicals purchased from
Boehringer-LaRoche (In Situ Cell Death Detection Kit,
Fluorescein, Cat. No. 1684 795, or TMR red, Cat. No. 2 156
792). Both procedures gave similar results.
Dead cells and DNA staining
Membrane-compromised cells of living animals were
labeled with ethidium homodimer-1. Incubation time was
N3 h. In fixed colonies, nuclei and DNA-containing
phagosomes were visualized with propidium iodide. Both
red-fluorescent dyes were purchased from Molecular
Probes. Propidium iodide was applied supplementing BrdU
or apoptosis assays, yielding two-color preparations.Fig. 4. Fate of a chimera of m1 and 1  7-4. (A) Grafting the mutant donor
after the wild-type partner (m1) has been depleted of its own interstitial
cells. (B) Following immigration of cells from the mutant donor 1  7-4,
the former m1-area developed new polyps and mutant-type, autoaggressive
stolons.Results
Introducing donor i-cells into i-cell-depleted hosts: the
phenotype and genotype of the donor are adopted
Subclones were prepared from m1 and 1  7-4f. The
wild-type, m1 colonies were depleted of i-cells, and i-cells
from the mutant 1  7-4f subclones allowed to immigrate
into the i-cell-free m1 colonies. In the parallel series, 1 
7-4f subclones were depleted of i-cells and i-cells of strain
m1 introduced. In some of these combinations, the donor
was removed after 1 week following contact. Likewise,
reciprocal chimeras were prepared with subclones of m1
and mh 7  7-21.
In the pairings (m1, i-cell free) + (1  7-4f) and in the
reciprocal pairings (m1) + (1  7-4f, i-cell free), the
immigrated donor cells enabled a complete recovery of thetreated i-cell-free partner. To ensure complete elimination
of the recipient’s stem cells, treatment was repeated after
an interval of 1 day. In some instances, treatment was
repeated up to five times at five successive days.
Subsequently, an explant of a donor colony was grafted
at the edge or into the central area of the recipient. As a
consequence of the harsh mitomycin treatment, the
colonies resorbed their polyps within 1–2 weeks. Although
the stolon plate survived (as it does in nature in cold
North-Atlantic habitats during wintertime), it was unable to
bud new polyps. The stolon plate resumed budding polyps
only after i-cells repopulation. The recovered former m1
areas began to sprout autoaggressive stolons typical for the
donor (Fig. 4) and its sex changed from male to female.
As stolons consist of ectodermal and endodermal epithelial
cells and histocompatibility is mediated by ectodermal
epithelial cells, we conclude that the hosts were not only
provided with donor nematocytes, nerve cells, and germ
cells but also acquired the phenotype of the donor’s
epithelial cells.
Fig. 5. Fate of a chimera of m1 and 7  7-21. (A) The wild-type partner
(m1) was depleted of its own interstitial cells. Before mitomycin treatment,
the central multilayered and encrusted part of the stolon plate of the m1
colony was surgically removed to ensure the complete removal also of
those i-cells, which are hidden in the depth of the plate and might not be
sufficiently exposed to mitomycin. The recipient stolon plate was connected
with explants from the mutant clone 7  7-21 through thin stolons. (B)
After 2–3 weeks of contact, the donors were removed. The former m1-area
developed new stolons and polyps; these structures adopted the phenotype
of the mutant i-cell donor.
Fig. 6. Dying cells (red, TUNEL stain) and proliferating cells (green, BrdU
stain). Widely dispersed apoptotic and necrotic cells are found in
mitomycin-treated colonies. BrdU-labeled cells are found in mitomycin-
treated colonies only after immigration of i-cells from a healthy, untreated
donor.
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7  7-21), the treated partner adopted the features of the
donor with time (Fig. 5), whereas in chimeras of
untreated colonies, the m1 phenotype eventually always
dominated (Fig. 6). However, following mitomycin treat-
ment, the untreated donor always determined the final
phenotype and sex of the chimera. In several experiments,
the donors were connected with the recipient merely
through thin stolons (Figs. 4 and 5A) and the donors
removed in some chimeras after 2 weeks of contact, in
others after 3 weeks. Treated m1 inoculated with mh 7 
7-21f i-cells budded polyps that became multiheaded with
aging; treated mh 7  7-21 provided with wild-type m1
i-cells formed normal polyps and produced male gon-
ozooids. Quantitative data of these experiments are
summarized in Table 1.Immigrating i-cells exhibit high proliferation activity and by
differentiation into epithelial cells replace widely disperse
dying host cells
The mitomycin effect
Upon treatment with mitomycin, apoptosis assays based
on TUNEL reactions and staining procedures developed to
discriminate between dying and viable cells, visualized
apoptotic and necrotic cells widely distributed among the
entire colony (Fig. 6). After 4–5 days, no more i-cells were
detected. Epithelial cells were also observed to suffer
damage. After about a week, in those areas not yet
repopulated by donor i-cells, DNA staining with propidium
iodide failed to visualize dense rounded nuclei; instead the
nuclei were enlarged and their contour blurred (Figs. 7B
and C). In highly damaged areas, the nuclei appeared to
have disintegrated and red propidium fluorescence was
dispersed over the entire cytoplasm (Fig. 7C). When donor
cells were allowed to immigrate into such areas, proliferat-
ing, BrdU-labeled cells and dying cells were not separated
by a borderline but distributed in intermixed patterns (not
shown). Even highly damaged areas could be repopulated
with viable donor i-cells and recovered. No particular high
density of dying cells was found along the borderline
between the two allogeneic partners following grafting.
When no donor cells were introduced, all colonies treated
twice with 30AM mitomycin-C decayed and disintegrated
within 6 weeks.
Proliferative activity of donor i-cells and their
differentiation into epithelial cells
In those areas repopulated by immigrated donor cells and
about to recover as documented by the emergence of new
stolons and polyps, DNA staining with propidium iodide
revealed a wealth of normally looking, rounded nuclei (Fig.
7D). Numbers per unit area of nuclei reached much higher
Table 1
A summary of all conducted experiments
Recipient devoid of i-cells I-cell donor Duration of contact Final morphological
phenotype
Final sex
(after up to 3 months)
n Remark
1  7-4f m1 permanent m1 m 5
1  7-4f m1 transitory m1 m 2
m1 1  7-4f permanent m1 f 4




1  7-4f transitory Chimerical: Partly m1
(expanding), partly






mh 7  7-21 m1 permanent m1 m 8 7  7-21 tissue
resorbed
m1 mh 7  7-21 permanent mh 7  7-21 immature 8 Contact only
through thin stolons
m1 mh 7  7-21 transitory mh 7  7-21 immature 5
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high mitotic activities. BrdU labeling verified this con-
clusion (compare Fig. 11A). However, labeling indices
could not be determined because the labeled nuclei could
not be assigned to clearly definable cell types. After staining
the preparations with May–Grqnwald and Giemsa to
facilitate identification of cell types (Fig. 8), we saw
innumerable cells that could not be clearly classified as
either interstitial cells or as epithelial cells but were
intermediates in size, shape, and staining properties (Fig.
9). Both i-cells and transition stages to epithelial cells were
even found at the edge of the stolon plate in the recovering
parts of recipient colonies. In normal colonies, this edge is
always free of i-cells and intermediate stages are not seen
there. Aggregates of immigrated i-cells gave rise to newFig. 7. Structure of the nuclei, visualized by propidium iodide in the stolon plat
isogeneic donor cells. (A) An almost normal structure 2 days after treatment; som
treatment, the nuclei borders become blurred, the nuclear membrane appears to disi
cells, characterized by small, dense nuclei, arrive in the lower right area of (C).
resulting in extremely high cell densities. Photos were taken under the same magstolons and polyps (Fig. 10), as opposed to normal
development where stolons and polyps arise from dividing
epithelial cells.
The presence of intermediates, elaborating the mor-
phological characteristics of epithelial cells, were confined
to recovering areas. They were rare or absent in
completely revived areas. New cnidoblasts appeared only
after the epithelial structure of the stolon plate was
restored (Fig. 9D).
Introducing BrdU-labeled donor cells
To trace the fate of individual immigrating donor cells,
the donor colonies were BrdU labeled overnight before
grafted onto nonlabeled recipients. Twelve recipient colo-e of m1 colonies after mitomycin treatment and following immigration of
e nuclei begin to enlarge. (B and C) In the course of 1–2 weeks following
ntegrate, and the dye spreads over the cytoplasm. The first immigrated donor
(D) The immigrated viable donor cells undergo a numerical amplification
nification.
Fig. 8. Immigration and numerical amplification of i-cells in previously
i-cell-depleted recipients. (A) A low magnification overview; a gradient in
blue-stained i-cell densities extents from the (former) donor area in the
center of the colony to the periphery. (B) The front of the immigrating i-cells
(small blue cells) from the donor. The contour of three epithelial cells is
highlighted.
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successive days to ensure complete elimination of the
resident i-cells. Four to 5 days after fusion with the donor
explant, the chimeras were fixed and analyzed for BrdU-
labeled cells. Mass immigration of BrdU-labeled donor cells
was evident at the fusion area, moving towards the recipient
(Fig. 11A). Four days after grafting, these could be detected
even in distant, peripheral stolons of the host (Fig. 11B) and
in the tentacles of newly emerged polyps (Fig. 11C). In
addition, we found BrdU-labeled epithelial cells (Fig. 12) at
far distances from the donor in areas that were repopulated
by immigrated i-cells. No labeled epithelial cells were found
in areas devoid of i-cells.Fig. 9. Recovery of a treated colony following grafting. (A and B) For
several days after immigration of donor i-cells, large areas of the stolon
plate consists almost exclusively of intermediates between i-cells and
epithelial cells. (C) Recovery almost completed; only a few intermediates
are left. (D) Recovery completed; no more intermediates are seen, instead
many new nematoblasts appear. Epi = epithelial cell—its contour high-
lighted by a dashed line.Discussion
Traditional understanding, based on studies on Hydra,
assumes the existence of three separate cell lineages inhydroids: ectodermal epithelial cells, endodermal epithelial
cells, and the interstitial cell lineage—which in Hydra
encompasses four types of nematocytes, sensory cells, nerve
cells, gland cells, and germ cells. Totipotency of the
interstitial cells and transition from epithelial lineages into
other lineages has been proposed or reported by several
authors (Brien and Reniers-Decoen, 1950; Davis, 1970;
Haynes and Burnett, 1963; Sacks and Davis, 1979), but the
evidence they presented was considered invalid by later
workers (Bode, 1996; Bosch and David, 1987; David et al.,
1991; Marcum and Campbell, 1978; Sugiyama, 1982;
Sugiyama and Fujisawa, 1979; Terada et al., 1988).
The present study shows that in Hydractinia, cells of
the interstitial cell lineage are not only endowed with the
Fig. 10. Aggregates of interstitial cells. (A) A new stolon bud at the edge of
a stolon plate. (B) A new polyp bud (in the same colony, larger aggregates
reveal their nature as buds more evidently but the densely package of the
cells would not allow to discriminate single cells).
Fig. 11. Distribution and fate of immigrated BrdU-labeled donor cells. (A)
Massive immigration into the recipient near the donor. (B) After a few days,
labeled cells appeared in peripheral stolons of the recipient colony. (C)
Labeled endodermal supporting cells in the tentacle of a new polyp; such
cells normally belong to the endodermal epithelial cell lineage.
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traverse the differentiation pathway to epithelial cells, as
proposed in a previous study (Mu¨ller, 1967). Our
conclusion is based on the following observations: (i)
Upon introduction of i-cells from healthy donors into
mitomycin-treated, i-cell-depleted recipients, the recipients
acquired all the phenotypic traits of the donor clone. Also,
components of the colonies, which are basically composed
of epithelial cells, such as stolons and polyps, acquired the
phenotype of the donor. Wild-type colonies underwent
conversion into mutant phenotypes, and mutants acquired
wild-type traits. (ii) Recovery and renewal were effected
by donors’ cells over far distances and through thin stolon
bbottlenecks.Q Migratory i-cells can quickly move along
stolons in the interstitial spaces while epithelial cells do
not (Mu¨ller, 1996). (iii) During the phase of recovery and
tissue renewal, cells intermediate in size, shape, and
staining properties between typical i-cells and epithelial
cells were observed in the recipient. (iv) Introducing BrdU-
labeled donor cells directly showed that epithelial cells
derive from i-cells.Many investigations reported that both in Hydractinia
and in Hydra, the three cell lineages—endoderm, ectoderm,
and i-cells—are endowed with the capability of self-renewal
(David and Campbell, 1972; Holstein et al., 1991; Mu¨ller,
1991; Plickert and Kroiher, 1988). Under normal circum-
stances, the proliferative activity in the epithelia may well
suffice to compensate for any cell loss due to aging or minor
damages and growth of new buds. As in Hydra, Hydracti-
nia polyp buds are normally formed by epithelial cells, and
colonies made i-cell free by mild treatment with Dichloren
or Trenimon continued to bud new polyps for up to 6 weeks
Fig. 12. (A–C) BrdU-labeled epithelial cells after introduction of BrdU-
labeled migratory donor cells into a mitomycin-treated host. First la-
beled epithelial cells in the ectodermal epithelium of the stolon plate
appear sporadically but not as a coherent group, probably derived in-
dependently from different immigrated precursors. Some epithelial cells
appearing in pairs may have derived from one and the same dividing
precursor.
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Hydra (Diehl and Burnett, 1964; Sacks and Davis, 1979).
The situation is different following intensive treatments with
alkylating agents, which also impair the capability of self-
renewal in epithelial cells, causing their death within weeks.
In this environment of slowly dying cells, latent devel-
opmental potencies of the healthy donor i-cells became
apparent. In this context, it is of particular significance that
in our recovering colonies, new stolons and polyps arose
from aggregates of donor i-cells (Fig. 10).The extraordinary high density of cells in recovering
areas of recipient colonies (Fig. 8) may be attributed to a
combined effect: (i) Interstitial stem cells entering empty
spaces will not receive density-dependent feedback signals
that would prevent them from continuously dividing (Bode,
1996; and references therein). (ii) Dying cells may stimulate
differentiation of healthy i-cells into that class of cells to
which the dying cells belong. Such a one by one replace-
ment would ensure integrity of the animal even when
extensive cell loss due, for instance, to infections that
endanger the unlimited life span that many cnidarian polyps
appear to be endowed with (e.g., Martinez, 1998).
Was recovery brought about by epithelial cells that
immigrated from the healthy donor rather than by i-cells?
By definition, epithelial cells are stationary, linked to their
neighbors through adhesion belts; in addition, they adhere to
a basement membrane. Epithelial cells might loose their
epithelial characteristics and acquire the capability of
movable cells as do invasive carcinoma cells in vertebrates.
No such phenomena are known in hydroids. However, it
cannot be excluded that under exceptional conditions,
epithelial cells convert into i-cells. Another argument may
hold that besides multi- or totipotent stem cells, the
population of i-cells encompasses subsets of cells endowed
with different, restricted developmental potencies as known
from the hematopoietic system of vertebrates. All such
arguments do not invalidate our conclusion that i-cells exist
with the capacity to give rise to epithelial cells, a potency
that presents knowledge does not attribute to i-cells in
Hydra.
Why is Hydra different? Hydra’s i-cells may have lost
their totipotency in the course of evolution, perhaps since in
a solitary polyp there is less need for migrating totipotent
cells. An extensive loss of tissue in a Hydra polyp, such that
cannot be replaced by local self-proliferation of epithelial
cells, could not be compensated by migrating i-cells from
other polyps due to the lack of tissue continuity among
clonemates. In colonial taxa, on the contrary, extensive
tissue loss could well be recovered by fast migrating,
totipotent i-cells from small brefuge islets,Q as demonstrated
in our study.
Differentiation of epithelial cells from interstitial stem
cells may imply a kind of transdetermination. In the
Hydrozoa, the state of determination and differentiation of
many cell types appear not to be based on irreversible
programming. Extensive abilities to change the state of
differentiation have been disclosed even for apparent
terminally differentiated striated muscle cells of medusae
(Schmid and Reber-Mu¨ller, 1995; Schmid et al., 1993).
Prerequisite to transdifferentiation was a previous destabi-
lization of the isolated muscle cells by tumor-promoting
phorbol esters or by digesting the supporting extracellular
matrix. The treated striated muscle cells gave even rise to
interstitial stem cells.
Mammalian and Hydractinia stem cells share many
features with one prominent difference: Hydroid i-cells have
W.A. Mu¨ller et al. / Developmental Biology 275 (2004) 215–224224never been observed to give rise to malignancy. Our results,
pointing to totipotency of cnidarian stem cells, call for
further research in this field in order to understand the
molecular mechanisms governing totipotency and DNA
repair. Such studies may integrate research on lower
invertebrates into the mainstream stem cell biology, an
integration that may serve theoretical–evolutionary, as well
as applied, medical research.Acknowledgments
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